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LIQUID CARTRIDGE AND LIQUID
EJECTING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a Continuation-In-Part Application of International
Application No. PCT/JP2011/067255 filed Jul. 28,2011. The
entire disclosure of the prior application is hereby incorpo-
rated by reference in its entirety.

TECHNICAL FIELD

The invention relates to a liquid cartridge that stores liquid
and to a liquid ejecting apparatus including a liquid cartridge
and an apparatus main body on which the liquid cartridge is
mounted.

BACKGROUND

According to known technology, an ink remaining-amount
sensor is provided at a liquid cartridge mounted on a liquid
ejecting apparatus. Further, a cartridge-mounting detection
sensor is provided at a liquid cartridge mounted on a liquid
ejecting apparatus.

SUMMARY

The inventor of the present application conceived provid-
ing, at a liquid cartridge, a plurality of sensors such as the ink
remaining-amount sensor, the cartridge-mounting detection
sensor, etc. disclosed in the above-mentioned technology.

However, providing a plurality of sensors at the liquid
cartridge leads to a cost increase of the liquid cartridge.

In view of the foregoing, the invention provides a liquid
cartridge including: a liquid storing section defining a liquid
storing chamber that stores liquid; a channel section defining
a channel in fluid communication with the liquid storing
chamber; a field forming section including a movable mem-
ber that is movable in the channel and configured to form a
field that changes depending on a position of the movable
member; a power-source terminal configured such that a
power-source potential is inputted thereto; a ground terminal
configured such that a ground potential is inputted thereto; a
sensor electrically connected with the power-source terminal
and the ground terminal, the sensor being configured to gen-
erate a potential based on the position of the movable member
by being disposed in the field formed by the field forming
section; and an output terminal electrically connected with
the sensor and configured to output the potential generated by
the sensor. The sensor is configured to generate a potential
higher than the ground potential regardless of the position of
the movable member.

According to another aspect, the invention also provides a
liquid ejecting apparatus including a liquid cartridge and an
apparatus main body on which the liquid cartridge can be
mounted. The liquid cartridge includes: a liquid storing sec-
tion defining a liquid storing chamber that stores liquid; a
channel section defining a channel in fluid communication
with the liquid storing chamber; a field forming section
including a movable member that is movable in the channel
and configured to form a field that changes depending on a
position of the movable member; a power-source terminal
configured such that a power-source potential is inputted
thereto; a ground terminal configured such that a ground
potential is inputted thereto; a sensor electrically connected
with the power-source terminal and the ground terminal, the
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2

sensor being configured to generate a potential based on the
position of the movable member by being disposed in the field
formed by the field forming section; and an output terminal
electrically connected with the sensor and configured to out-
put the potential generated by the sensor. The apparatus main
body includes: a mounting section on which the liquid car-
tridge is mounted; a hollow member configured to be inserted
in the channel of the liquid cartridge mounted on the mount-
ing section; a liquid ejecting head in fluid communication
with the hollow member and configured to eject liquid sup-
plied from the liquid cartridge through the hollow member; a
power-source potential inputting section configured to input
the power-source potential to the power-source terminal; a
ground potential inputting section configured to input the
ground potential to the ground terminal; a sensor-signal
receiving section configured to, when the liquid cartridge is
mounted on the mounting section, be connected with the
output terminal and receive the potential generated by the
sensor; a mount determining section configured to determine
whether the liquid cartridge is mounted on the mounting
section, based on the potential received by the sensor-signal
receiving section; and a position determining section config-
ured to determine the position of the movable member, based
on the potential received by the sensor-signal receiving sec-
tion. The sensor-signal receiving section is configured to
receive a predetermined potential when the liquid cartridge is
not mounted on the mounting section, and to receive a poten-
tial different from the predetermined potential regardless of
the position of the movable member when the liquid cartridge
is mounted on the mounting section. The mount determining
section is configured to determine that the liquid cartridge is
not mounted on the mounting section when the potential
received by the sensor-signal receiving section is in a first
range including the predetermined potential, and to deter-
mine that the liquid cartridge is mounted on the mounting
section when the potential received by the sensor-signal
receiving section is in a second range different from the first
range.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments in accordance with the invention will be
described in detail with reference to the following figures
wherein:

FIG. 1 is a perspective view showing the exterior of an
inkjet printer according to a first embodiment of the inven-
tion;

FIG. 2 is a schematic side cross-sectional view showing the
interior of the printer;

FIG. 3 is a perspective view showing the cartridge accord-
ing to the first embodiment;

FIG. 4 is a schematic view showing the interior of the
cartridge;

FIGS. 5A and 5B are partial cross-sectional views of a
region V shown in FIG. 4, wherein FIG. 5A shows a state in
which a hollow needle of the printer is not inserted in a plug
and a valve is in a closed position, and FIG. 5B shows a state
in which the hollow needle of the printer is inserted in the plug
and the valve is in an open position;

FIG. 6 is a partial cross-sectional view taken along a line
VI-VI shown in FIG. 5A,;

FIG. 7 is a diagram as viewed from a direction VII shown
in FIG. 4, for illustrating a terminal of the cartridge;

FIGS. 8A through 8C are schematic plan views showing a
process in which the cartridge is mounted onto the printer,
wherein FIG. 8A shows a state before the cartridge is
mounted onto the printer, FIG. 8B shows a state in which the



US 9,144,989 B2

3

cartridge is inserted to a position where the terminal of the
cartridge contacts a terminal of the printer, and FIG. 8C shows
a state in which a hollow needle supported by a support body
has moved in a direction of a filled arrow and penetrated the
plug of the cartridge;

FIG. 9A is a block diagram showing the electrical configu-
ration of the cartridge and the printer;

FIG. 9B is a block diagram showing a part of the electrical
configuration in FIG. 9A;

FIG. 10 is a functional block diagram showing each func-
tioning section constructed by a controller of the printer;

FIG. 11 is a flowchart showing controls performed by the
controller of the printer when the cartridge is mounted on the
printer;

FIG. 12 is a diagram as viewed from a mounting direction
M shown in FIG. 8A, for illustrating a terminal of the printer;

FIG. 13 is a partial cross-sectional view taken along a line
XIII-XIII shown in FIG. 12;

FIG. 14A is a graph showing changes of an output value
from a Hall element of the cartridge of the first embodiment in
the process in which the cartridge is mounted onto the printer;

FIG. 14B is a graph showing relationship between magni-
tude of a magnetic field and the output value from the Hall
element in the cartridge of the first embodiment;

FIG. 15A is a graph showing changes of an output value
from a Hall element of a cartridge of a comparative example
in a process in which the cartridge is mounted onto the printer;

FIG. 15B is a graph showing relationship between magni-
tude of a magnetic field and the output value from the Hall
element in the cartridge of the comparative example;

FIGS.16A and 16B are partial cross-sectional views show-
ing a cartridge according to a second embodiment of the
invention, and show states in a closed position and in an open
position, respectively;

FIG. 17 is a graph showing changes of an output value from
a Hall element of the cartridge of the second embodiment in
a process in which the cartridge is mounted onto the printer;

FIGS.18A and 18B are partial cross-sectional views show-
ing a cartridge according to a third embodiment of the inven-
tion, and show states in a closed position and in an open
position, respectively;

FIGS.19A and 19B are partial cross-sectional views show-
ing a cartridge according to a fourth embodiment of the inven-
tion, wherein FIG. 19A shows a state in which a hollow
needle of a printer is not inserted into a plug, and FIG. 19B
shows a state in which the hollow needle of the printer is
inserted into the plug;

FIG. 20 is a perspective view of an ink cartridge according
to a fifth embodiment of the invention;

FIG. 21 is a diagram showing the internal structure of the
ink cartridge according to the fifth embodiment; and

FIGS. 22A and 22B are partial cross-sectional views of the
ink cartridge according to the fiftth embodiment, wherein FIG.
22A shows a state in which two valves are in a closed state,
and FIG. 22B shows a state in which the two valves are in an
open state.

DETAILED DESCRIPTION

Hereinafter, embodiments of the invention will be
described while referring to the accompanying drawings.
First, the overall configuration of an inkjet-type printer 1
according to a first embodiment of a liquid ejecting apparatus
of the invention will be described while referring to FIG. 1.

The printer 1 has a housing 1a having a rectangular paral-
lelepiped shape. A paper discharging section 31 is provided
on a top plate of the housing 1a. Three openings 10d, 105, and
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4

10C are provided on a front surface (the surface on the near
left side in the drawing of FIG. 1) of the housing 1« in this
order from the top. The opening 105 is for inserting a paper
supplying unit 15 inside the housing 1a. The opening 10c¢ is
for inserting a cartridge unit 1c¢ inside the housing 1a. The
opening 104 is fitted with a door 1d that can open and close
pivotally about a horizontal axis on its lower end. The door 14
is disposed in confrontation with a conveying unit 21 (see
FIG. 2) in a main scanning direction X (the direction perpen-
dicular to the front surface of the housing 1a) of the housing
la.

Next, the internal structure of the printer 1 will be described
with reference to FIG. 2.

The internal space of the housing 1a can be divided into
spaces A, B, and C in this order from the top. In the space A,
two heads 2, the conveying unit 21, and a controller 100 are
disposed. The two heads 2 eject black ink and pre-coat liquid
(hereinafter, these may be collectively referred to as “liquid™),
respectively. The conveying unit 21 conveys paper P. The
controller 100 controls operations of each section of the
printer 1. In the spaces B and C, the paper supplying unit 156
and the cartridge unit 1¢ are disposed, respectively. Within the
printer 1, a paper conveying path along which paper P is
conveyed is formed from the paper supplying unit 15 to a
paper discharging section 31 along thick arrows in FIG. 2.

The controller 100 includes a CPU (Central Processing
Unit) which is an arithmetic processing unit, a ROM (Read
Only Memory), a RAM (Random Access Memory: including
non-volatile RAM), I/F (Interface), and the like. The ROM
stores programs executed by the CPU, various constant data,
and the like. The RAM can temporarily store data (image data
etc.) that are required when the programs are executed. The
controller 100 performs data transmission and reception with
a memory 141 and Hall elements 71 of a cartridge 40, data
transmission and reception with an external device (a per-
sonal computer connected with the printer 1 etc.), and the
like, via the I/F.

The paper supplying unit 15 includes a paper supplying
tray 23 and a paper supplying roller 25. Of these, the paper
supplying tray 23 is detachable from the housing 1a in the
main scanning direction X. The paper supplying tray 23 is a
box which is opened upward, and can accommodate paper P
in a plurality of sizes. The paper supplying roller 25 rotates by
driving of a paper supplying motor 125 (see FIG. 9A) under
controls by the controller 100, and picks up paper P at the
topmost position in the paper supplying tray 23. The paper P
picked up by the paper supplying roller 25 is sent to the
conveying unit 21 while being guided by guides 274 and 275
and being nippingly held by a pair of feed rollers 26.

The conveying unit 21 includes two belt rollers 6 and 7, an
endless-type conveying belt 8 looped around the both rollers
6 and 7. The belt roller 7 is a drive roller and, under controls
by the controller 100, rotates in the clockwise direction in
FIG. 2 by driving of a conveying motor 127 (see FIG. 9A)
connected with its shaft. The belt roller 6 is a follow roller, and
rotates in the clockwise direction in FIG. 2 by following the
movement of the conveying belt 8 caused by rotation of the
belt roller 7.

A platen 19 having a rectangular parallelepiped shape is
disposed within the loop of the conveying belt 8 so as to
confront the two heads 2. The upper loop of the conveying
belt 8 is supported by the platen 19 from the inner peripheral
surface side, so that an outer peripheral surface 8a of the
conveying belt 8 extends parallel to lower surfaces 2a (eject-
ing surfaces in which a large number of ejection ports for
ejecting liquid is formed) of the two heads 2 with a predeter-
mined gap therebetween.
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A silicone layer with slight adherence is formed on the
outer peripheral surface 8a of the conveying belt 8. The paper
P sent from the paper supplying unit 15 to the conveying unit
21 is pressed against the outer peripheral surface 8a of the
conveying belt 8 by a pressing roller 4, and is subsequently
conveyed in a sub-scanning directionY along the thick arrows
while being held on the outer peripheral surface 8a by adhe-
sive force.

Here, the sub-scanning directionY is a direction parallel to
the conveying direction of paper P by the conveying unit 21.
The main scanning direction X is a direction perpendicular to
the sub-scanning direction Y and parallel to a horizontal sur-
face. Each of the main scanning direction X and the sub-
scanning directionY is perpendicular to a vertical direction Z.

When the paper P passes a position directly below each
head 2, the heads 2 are driven under controls by the controller
100 so thatliquid (black ink, and pre-coat liquid depending on
situations) is ejected toward the top surface of the paper P
from the lower surface 2a of each head 2, thereby recording a
desired image on the paper P. Then, the paper P is separated
from the outer peripheral surface 8a ofthe conveying belt 8 by
a separation plate 5, is conveyed upward while being guided
by guides 294 and 295 and being nippingly held by two pairs
of rollers 28, and is discharged onto the paper discharging
section 31 through an opening 30 formed at an upper section
of'the housing 1a. One roller of each pair of rollers 28 rotates
by driving of a feed motor 128 (see FIG. 9A) under controls
by the controller 100.

The pre-coat liquid is liquid having, for example, an effect
of improving density (an effect of improving density of ink
ejected on paper P), an effect of preventing running of ink and
permeation of ink (a phenomenon that ink ejected on the top
surface of paper P penetrates the layer of paper P and runs on
the bottom surface), an effect of improving chromogenic
characteristics and quick drying characteristics, an effect of
suppressing wrinkles and curl of paper P subsequent to ejec-
tion of ink, and the like. As the pre-coat liquid, for example,
liquid containing multivalent metal salt such as cationic poly-
mer, magnesium salt, etc. may be used.

The head 2 that ejects pre-coat liquid is disposed at an
upstream side of the head 2 that ejects black ink with respect
to the conveying direction of paper P.

The head 2 is a line-type head having substantially a rect-
angular parallelepiped shape elongated in the main scanning
direction X (the direction perpendicular to the drawing sheet
of FIG. 2). The two heads 2 are arranged in the sub-scanning
direction Y with a predetermined pitch, and are supported by
the housing 1a via a frame 3. A joint to which a flexible tube
is attached is provided on the upper surface of each head 2. A
large number of ejection ports is formed on the lower surface
24 of each head 2. A channel is formed inside of each head 2
so that liquid supplied from a corresponding reservoir 42 of
the cartridge 40 can reach the ejection ports via the flexible
tube and the joint.

The cartridge unit 1c includes a tray 35 and one cartridge
40 disposed within the tray 35. The cartridge 40 includes two
reservoirs 42 that accommodate black ink and pre-coat liquid,
respectively (see FIG. 4). Liquid accommodated in each res-
ervoir 42 of the cartridge 40 is supplied to a corresponding
one of the heads 2 via the flexible tube and the joint.

The tray 35 is detachable from the housing 1« in the main
scanning direction X in a state in which the cartridge 40 is
disposed inside. Accordingly, a user of the printer 1 can
replace the cartridge 40 in the tray 35 in a state in which the
tray 35 is removed from the housing 1a.

The configuration of the cartridge 40 will be described with
reference to FIGS. 3 through 7.
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As shown in FIGS. 3 and 4, the cartridge 40 includes a
housing 41, a black ink unit 40B for black ink, a pre-coat
liquid unit 40P for pre-coat liquid, the memory 141, and a
board 142. Each of the units 40B and 40P includes the reser-
voir 42, a supply pipe 43, a plug 50, a valve 60, a sensor unit
70, and the like, and has the same configuration (see FIGS. 4,
5A, and 5B).

As shown in FIG. 3, the housing 41 has a rectangular
parallelepiped shape. As shown in FIG. 4, the inside of the
housing 41 is divided to form two chambers 41a and 415. The
reservoir 42 of each of the units 40B and 40P is disposed in the
chamber 41a at the right side. The supply pipe 43 of each of
the units 40B and 40P is disposed in the chamber 415 at the
lett side.

The reservoir 42 is a pouch that stores liquid. The reservoir
42 of the black ink unit 40B stores black ink, and the reservoir
42 of the pre-coat liquid unit 40P stores pre-coat liquid. An
opening section of the reservoir 42 is connected with a base
end of the supply pipe 43.

The supply pipe 43 defines a supply channel 43a (see
FIGS. 5A and 5B) for supplying the head 2 with liquid stored
in the reservoir 42. As shown in FIG. 4, a distal end of the
supply pipe 43 protrudes outside of the housing 41. The distal
end of the supply pipe 43 is provided with the plug 50 made
of elastic material such as rubber in a compressed state, so as
to close the opening 436 of the supply channel 43a at the
opposite side from the reservoir 42 (see FIGS. 5A and 5B). A
cap 46 is provided outside of the distal end of the supply pipe
43 and the plug 50. An opening 464 is formed at the center of
the cap 46, so that a front surface (the surface at the opposite
side from a back surface in confrontation with the valve 60) of
the plug 50 is exposed through the opening 46a.

As shown in FIGS. 5A and 5B, the valve 60 is disposed at
the supply channel 434 and includes an O-ring 61 and a valve
main body 62.

As shown in FIGS. 5A, 5B, and 6, the valve main body 62
is a magnetic body of' a cylindrical shape having an axis in the
sub-scanning direction Y.

As shownin FIG. 6, a portion of the supply pipe 43 at which
the valve main body 62 is disposed has a cylindrical shape
having flat upper and lower walls and having a cross-section
elongated in the main scanning direction X, the cross-section
being perpendicular to the sub-scanning direction Y. Each of
inner surfaces of the supply pipe 43 at both sides in the main
scanning direction X is formed with a protrusion 43p that
protrudes inward in the main scanning direction X. Each
protrusion 43p extends in the sub-scanning direction’Y over a
range in which the valve main body 62 is movable. The valve
main body 62 is supported by the protrusions 43p and the
upper and lower walls of the supply pipe 43, and is positioned
at the center of the supply channel 434 in the cross-section. A
channel is secured between the valve main body 62 and the
supply pipe 43 at portions except contact portions where the
valve main body 62 is in contact with the protrusions 43p and
the upper and lower walls of the supply pipe 43.

The O-ring 61 is made of elastic material such as rubber,
and is fixed to a front surface of the valve main body 62 (the
surface that faces the plug 50).

The valve 60 is urged toward an opening 43y by a coil
spring 63. The coil spring 63 has one end fixed to a base end
of'the supply pipe 43 and another end in contact with a back
surface of the valve main body 62.

As shown in FIG. 5A, when the valve 60 is in a closed
position for closing the supply channel 434, the O-ring 61 is
in contact with a portion (valve seat) 43z that protrudes from
one end (the end closer to the opening 435) of a small diam-
eter portion 43x of the supply pipe 43 toward the center of the
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supply pipe 43 in a radial direction, so that the opening 43y of
one end of the small diameter portion 43x is sealed. With this
arrangement, fluid communication between the reservoir 42
and the outside via the supply channel 43a is blocked. At this
time, the O-ring 61 is deformed elastically by urging force of
the coil spring 63.

The sensor unit 70 includes the Hall element 71 and a
magnet 72. The magnet 72 (magnetic-field generating mem-
ber) is for generating a magnetic field. The Hall element 71 is
a magnetic sensor that converts inputted magnetic field into
an electric signal. In the present embodiment, the Hall ele-
ment 71 generates a potential proportional to magnitude of'a
magnetic field that changes due to movement of the valve
main body 62 (a magnetic body and a movable member) (see
FIG. 14B). The Hall element 71 is disposed in a magnetic
field created by the magnet 72 and the valve main body 62
(cooperate to serve as a magnetic-field forming section) (see
FIG. 5A).

As shown in FIG. 5A, the Hall element 71 and the magnet
72 are fixed to upper and lower walls of the supply pipe 43,
respectively, and confront each other in the vertical direction
Z.

As shown in FIG. 5A, when the valve 60 is in a closed
position, the Hall element 71 and the magnet 72 confront each
other with the valve main body 62 interposed therebetween.
That is, the valve main body 62 is at a position between the
Hall element 71 and the magnet 72. At this time, a magnetic
field generated by the magnet 72 reaches the Hall element 71
effectively via the valve main body 62. Accordingly, the mag-
netic field detected by the Hall element 71 is strong, and the
Hall element 71 generates a high potential.

When the valve 60 moves from the closed position shown
in FIG. 5A to an open position shown in FIG. 5B where the
supply channel 43a is opened, the valve main body 62 moves
to a position that does not confront the Hall element 71 and
the magnet 72 (that is, a position not between the Hall element
71 and the magnet 72) in the vertical direction Z. With this
movement, the magnetic field detected by the Hall element 71
becomes weaker, and the potential generated by the Hall
element 71 becomes lower.

In this way, the valve main body 62 is linearly movable
between an open position where fluid communication
between the inside and the outside of the reservoir 42 is
allowed and a closed position where fluid communication
between the inside and the outside of the reservoir 42 is
prohibited. Thus, the open position and the closed position
can be switched with a simple configuration of linear move-
ment of the valve main body 62.

The controller 100 receives a signal of a potential gener-
ated by the Hall element 71 through sensor-signal output
terminals 170¢ and 171¢ and, based on the potential, deter-
mines whether the cartridge 40 is mounted at a predetermined
position in the space C and whether the position of the valve
60 is the open position or the closed position. Detailed
descriptions will be provided later in terms of potentials gen-
erated by the Hall element 71 (output values from the Hall
element 71) and the specific method of the above-described
determination by the controller 100 based on the potentials.

As shown in FIG. 4, the board 142 is provided on an outer
surface of a side wall of the housing 41 at the downstream side
in a mounting direction M of the cartridge 40 into the space C
(hereinafter, simply referred to as “mounting direction M”).
In the present embodiment, the mounting direction M is a
direction in parallel with the main scanning direction X.

The memory 141 is disposed at the back side of the board
142. The memory 141 is an EEPROM or the like, and stores
data relating to the cartridge 40. Specifically, the memory 141
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preliminarily stores data such as a liquid amount (an amount
of liquid within each reservoir 42 in a brand-new cartridge
40), sensor output values (output values Vh and V1 from each
Hall element 71; see FIGS. 14A and 14B), and a manufactur-
ing date (date, month, and year on which the cartridge 40 is
manufactured). The sensor output values are stored in the
memory 141 at the time of manufacture or recycling of the
cartridge 40, as data unique to the cartridge 40. Further, when
the cartridge 40 is mounted on the printer 1, the controller 100
can write, in the memory 141, data relating to a used amount
of liquid (a used amount of liquid within each reservoir 42,
that is, an amount of liquid ejected from each head 2), a
number of insertion of hollow needle (a number by which a
hollow needle 153 is inserted in the plug 50), a number of
recorded sheets (a number of sheets of paper P on which
recording is performed with liquid within the cartridge 40), a
cumulative usage period (a time period during which the
cartridge 40 is mounted on the printer 1, and is the same as a
time period during which the hollow needle 153 is inserted in
the supply channel 43a), and the like. When the cartridge 40
is mounted on the printer 1, the controller 100 can also read
data stored in the memory 141.

As shown in FIG. 7, eight terminals 170c through 177¢ are
provided on a surface of the board 142. All of the terminals
170¢ through 177¢ have the same size and shape, and are
exposed on an outer surface of the cartridge 40. Each of the
terminals 170c¢ through 177¢ has a rectangular shape with two
short sides parallel to the sub-scanning direction Y and two
long sides parallel to the vertical direction Z. The terminals
170c¢ through 177¢ are arranged in two rows.

Center-to-center distances x0-x3 between each terminal
170¢-173¢ and the terminal 174c¢ have relationship of
x1<x0<x2<x3. Shortest distances y0-y3 between outer edges
of each terminal 170¢-173¢ and the terminal 174¢ have rela-
tionship of y1<yO<y2<y3. Here, xn (n=0-3) denotes a center-
to-center distance between a terminal 17zc¢ and the terminal
174c¢, and yn (n=0-3) denotes a shortest distance between the
outer edges of the terminal 17z¢ and the terminal 174c.

As shown in FIG. 9A, a sensor-signal output terminal (SB)
170¢ is electrically connected with the Hall element 71 of the
black ink unit 40B. A sensor-signal output terminal (SP) 171¢
is electrically connected with the Hall element 71 of the
pre-coat liquid unit 40P. A data output terminal (DO) 172¢
and a data input terminal (DI) 173¢ are electrically connected
with the memory 141. A power-source terminal (V) 174c¢ is
electrically connected with the two Hall elements 71 and the
memory 141. Three ground terminals (G) 175¢, 176¢, and
177¢ are electrically connected with the memory 141, the
Hall element 71 of the pre-coat liquid unit 40P, and the Hall
element 71 of the black ink unit 40B, respectively.

As shown in FIGS. 8A through 8C, a board 182 is provided
on a wall surface perpendicular to the mounting direction M
(the main scanning direction X), the wall surface being one of
wall surfaces defining the space C of the housing 1a. The
board 182 has substantially the same size as the board 142,
and is disposed at a position confronting the board 142 when
the cartridge 40 is mounted to a predetermined position in the
space C (see FIG. 8B). As shown in FIGS. 12 and 13, a base
material 201 is provided on a surface of the board 182. Eight
terminals 170p through 177p corresponding to eight termi-
nals 170c¢ through 177¢, respectively, are provided on the base
material 201.

As shown in FIG. 13, each of the terminals 170p through
177p includes a leaf spring having substantially a C-shape in
cross-section. One end 205 of each of the terminals 170p
through 177p is a fixed end that is fixed to the board 182, and
is electrically connected with the board 182. Another end 203
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of each of the terminals 170p through 177p is a free end that
can bend with a part 204 as a fulcrum. The another end 203 is
urged upward in FIG. 13 (that is, the direction approaching
the terminals 170c¢ through 177¢ of the cartridge 40 mounted
at the predetermined position in the space C).

The terminals 170p through 177p are arranged in a mirror
symmetry pattern with the pattern of the terminals 170c¢
through 177¢ shown in FIG. 7, so as to make contact with the
terminals 170c through 177¢, respectively, when the cartridge
40 is mounted at the predetermined position in the space C.
Each of the terminals 170p through 177p is arranged so that
each top portion 202 makes contact with the center of a
corresponding one of the terminals 170c¢ through 177c¢.

As shown in FIG. 9A, a sensor-signal receiving terminal
(SB) 170p, a sensor-signal receiving terminal (SP) 171p, a
data receiving terminal (DO) 172p, and a data transmitting
terminal (DI) 173p are electrically connected with the con-
troller 100. A power-source potential input terminal (V) 174p
is electrically connected with a power source 158. Three
ground-potential input terminals (G) 175p, 176p, and 177p
are connected with ground. The power source 158 is provided
in the housing 1a.

Here, a potential received by the controller 100 from the
Hall element 71 will be described while referring to FIG. 9B.
FIG. 9B is a diagram schematically showing a part of the
electrical configuration in FIG. 9A. Note that, although the
Hall element 71 for black ink will be described here, the same
goes for the Hall element 71 for pre-coat liquid. As shown in
FIG. 9B, the controller 100 is connected with ground via a
resistance R (not shown in FIG. 9A). Hence, in a state where
the cartridge 40 is not mounted on the printer 1 (a state where
the circuit is cut off in the vertical dotted line in the center of
FIG. 9B), a ground potential is inputted to the controller 100.
On the other hand, in a state where the cartridge 40 is mounted
on the printer 1, an output potential of the Hall element 71 (a
sensor signal) is inputted to the controller 100 via the sensor-
signal output terminal 170c¢ and the sensor-signal receiving
terminal 170p.

Next, a process in which the cartridge 40 is mounted to the
printer 1 will be described with reference to FIGS. 5A
through 14B. In FIGS. 8 A through 8C, illustration of the tray
35 is omitted. In FIGS. 9A and 9B, power supply lines are
indicated by thick lines, and signal lines are indicated by thin
lines.

Before the cartridge 40 is mounted to the printer 1, in each
oftheunits 40B and 40P, the hollow needle 153 is not inserted
in the plug 50, and the valve 60 is held in a closed position (see
FIG. 5A). At this stage, electrical connection between the
terminals 170c¢ through 177¢ and the terminals 170p through
177p, respectively, are not achieved. Accordingly, the Hall
elements 71 and the memory 141 are not supplied with elec-
trical power, and the controller 100 cannot perform transmis-
sion and reception of signals with the Hall elements 71 and
the memory 141.

When the cartridge 40 is mounted to the printer 1, the user
of'the printer 1 moves the tray 35 in the mounting direction M
(the direction indicated by a blanked arrow in FIG. 8A) in a
state where the cartridge 40 is placed in the tray 35 (see FIG.
2), thereby inserting the cartridge 40 into the space C of the
housing 1a. At this time, as shown in FIG. 8B, the cartridge 40
is inserted to a position at which the terminals 170c¢ through
177¢ and the terminals 170p through 177p are in contact with
each other.

At the stage of FIG. 8B, the centers of the terminals 170c¢
through 177¢ make contact with the top portions 202 of the
terminals 170p through 177p, respectively, so as to achieve
electrical connection between the terminals 170c¢ through
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177¢ and the terminals 170p through 177p. With this opera-
tion, a power-source potential is inputted to the power-source
terminal 174¢, and electrical power is supplied to the Hall
element 71 and the memory 141. At this time, a ground
potential is inputted to the ground terminals 175¢ through
177¢. The controller 100 can then perform reception of sig-
nals from the Hall element 71 of the black ink unit 40B via the
terminals 170c¢ and 170p, reception of signals from the Hall
element 71 of the pre-coat liquid unit 40P via the terminals
171¢ and 171p, reading of data from the memory 141 via the
terminals 172¢ and 172p, and writing of data to the memory
141 via the terminals 173¢ and 173p.

In a process in which the cartridge 40 is mounted to the
printer 1, immediately before mounting is completely fin-
ished, the centers of the terminals 170c¢ through 177¢ make
contact with the top portions 202 of the terminals 170p
through 177p. Subsequently, before mounting is completely
finished, the terminals 170p through 177p are pressed by the
terminals 170¢ through 177¢ so that the another end 203
bends downward with the part 204 as the fulcrum, thereby
shifting from a state shown by solid lines in FIG. 13 to a state
shown by double-dot chain lines. The top portions 202 of the
terminals 170p through 177p contact the terminals 170c
through 177¢ in contact regions (regions surrounded by
single-dot chain lines in FIG. 7) including the centers of the
terminals 170c¢ through 177¢ when mounting is completely
finished. From a state immediately before mounting is com-
pletely finished to a state when mounting is completely fin-
ished, the contact regions of the top portions 202 on the
terminals in the upper row (the terminals 175¢, 170¢, 171c¢,
and 174¢) slide upward gradually from positions slightly
below the regions surrounded by single-dot chain lines in
FIG. 7, whereas the contact regions of the top portions 202 on
the terminals in the lower row (the terminals 176¢, 173c¢,
172¢, and 177¢) slide downward gradually from positions
slightly above the regions surrounded by single-dot chain
lines in FIG. 7.

A support body 154 is disposed on a wall surface perpen-
dicular to the sub-scanning direction Y and confronting the
two caps 46 when the cartridge 40 is mounted to the prede-
termined position in the space C, the wall surface being one of
wall surfaces defining the space C of the housing 1a. The
support body 154 supports the two hollow needle 153 and is
movable in the sub-scanning direction Y relative to the hous-
ing 1a. The two hollow needles 153 correspond to the head 2
that ejects black ink and the head 2 that ejects pre-coat liquid,
respectively, and are in fluid communication with the flexible
tube attached to the joint of the corresponding head 2.

At the stage of FIG. 8B, the cartridge 40 is separated from
the hollow needles 153, and each reservoir 42 is not in fluid
communication with the channel of the corresponding head 2.

The controller 100 determines whether the cartridge 40 is
mounted at the predetermined position in the space C, based
on an output value from the Hall element 71 (S1 in FIG. 11).

Here, changes of the output value from the Hall element 71,
in a process where the cartridge 40 is mounted to the printer
1, will be described while referring to FIG. 14A. In FIG. 14A,
the horizontal axis indicates time, and the vertical axis indi-
cates output values from the Hall element 71. It is assumed
that time 0 is a time point at which the cartridge 40 is mounted
at the predetermined position in the space C.

Before the cartridge 40 is mounted at the predetermined
position in the space C (when the cartridge is not mounted at
the predetermined position in the space C), the output value
from the Hall element 71 is kept at a ground potential (0V)
(see a “cartridge not mounted” range shown in FIG. 14A).
When the cartridge 40 is mounted at the predetermined posi-



US 9,144,989 B2

11

tion in the space C to achieve electrical connection between
the terminals 170c¢ through 177¢ and the terminals 170p
through 177p, the output value from the Hall element 71
increases from the ground potential to Vh. After that, in a
process where the valve 60 moves from the closed position to
the open position, the output value from the Hall element 71
gradually decreases from Vh to V1 (see a “cartridge mounted”
range shown in FIG. 14A). During a period in which the
cartridge 40 is mounted at the predetermined position in the
space C, the output value from the Hall element 71 is higher
than the ground potential and lower than the power-source
potential (Vmax) (0<Vmin<V1=V=Vh<Vmax), regardless of
the position of the valve 60.

If the output value V from the Hall element 71 is higher
than or equal to Vmin and lower than Vmax
(Vmin=V<Vmax), the controller 100 determines that the car-
tridge 40 is mounted at the predetermined position in the
space C (S1: YES). If the output value V from the Hall
element 71 is lower than Vmin (V<Vmin), the controller 100
determines that the cartridge 40 is not mounted at the prede-
termined position in the space C (S1: NO).

The values of Vmax and Vmin are stored in the ROM of the
controller 100. In S1, the controller 100 receives signals from
the Hall element 71 of each unit 40B, 40P, reads out the values
of Vmax and Vmin from the ROM, and makes the above-
described determination based on these values and the output
value from the Hall element 71.

Note that there are two Hall elements 71 in the present
embodiment. Hence, the controller 100 determines that the
cartridge 40 is mounted at the predetermined position in the
space C when the above-described mounting condition
(Vmin=V<Vmax) is satisfied for both of the two Hall ele-
ments 71. Otherwise (for example, in a case where the mount-
ing condition is satisfied for one of the Hall elements 71 but
the mounting condition is not satisfied for the other one of the
Hall elements 71, etc.), the controller 100 determines that the
cartridge 40 is not mounted at the predetermined position in
the space C.

If the controller 100 determines that the cartridge 40 is
mounted at the predetermined position in the space C as
described above (S1: YES), the controller 100 stores time at
that time (mount time) in the RAM of the controller 100 (S2).
Subsequent to S2, the controller 100 reads data stored in the
memory 141 of the cartridge 40 (data relating to the liquid
amount, the sensor output value, the manufacturing date, the
used amount of liquid, the number of insertion of hollow
needle, the number of recorded sheets, the cumulative usage
period, and the like) (S3).

Subsequent to S3, the controller 100 determines whether
reading in S3 is abnormal (S4). If reading is not performed
normally in S3, the controller 100 determines that reading in
S3 is abnormal (S4: YES) and uses an output section 160 (see
FIG. 9A) such as a display, a speaker, etc. of the printer 1 to
report an error (S5). Subsequent to S5, the controller 100
stops operations of each section of the printer 1 (S6).

If reading is abnormal, it is presumed that the memory 141
is damaged by short circuit between the terminal 172¢ and the
terminal 174c¢, or that a failure occurs with communication
function of the controller 100 by short circuit between the
terminal 173¢ and the terminal 174c.

If reading is performed normally in S3, the controller 100
determines that reading is not abnormal (S4: NO) and con-
trols a moving mechanism 155 (see FIG. 9A) to move the
support body 154 together with the two hollow needles 153
supported by the support body 154 in the sub-scanning direc-
tionY (the direction indicated by a filled arrow in FIG. 8C)
(SD.
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With movement of the hollow needle 153 in S7, as shown
in FIG. 5B, in each of the units 40B and 40P, first, the hollow
needle 153 penetrates a substantial center of the plug 50 via
the opening 46a in the sub-scanning direction Y.

At this time, an opening 1535 formed at the distal end of the
hollow needle 153 is located in the supply channel 434, so that
a channel 1534 in the hollow needle 153 and the supply
channel 43a are in fluid communication with each other via
the opening 1535. Although a hole is formed in the plug 50 by
the hollow needle 153 at this time, a portion of the plug 50
around the hole closely contacts the outer circumferential
surface of the hollow needle 153 by elasticity. This suppresses
liquid leakage from between the hole in the plug 50 and the
hollow needle 153.

Subsequently, the distal end of the hollow needle 153 abuts
the valve main body 62. Then, further penetration of the
hollow needle 153 into the supply channel 43a causes the
valve main body 62 to move together with the O-ring 61 and
causes the O-ring 61 to separate from the valve seat 43z (see
FIG. 5B). At this time, the position of the valve 60 changes
from a closed position to an open position.

When the valve 60 is in the open position, fluid communi-
cation between the reservoir 42 and the outside is allowed via
the supply channel 43qa. That is, as shown in FIG. 5B, when
the plug 50 is penetrated by the hollow needle 153 and the
valve 60 is in the open position, the reservoir 42 is in fluid
communication with the channel of the head 2 via the supply
channel 434, the channel 1534, and the like.

Subsequent to S7, the controller 100 receives a signal from
the Hall element 71 of each of the units 40B and 40P (S8).
Subsequent to S8, the controller 100 determines whether the
valve 60 is disposed at the open position in each of the units
40B and 40P (that is, whether fluid communication is formed
between the reservoir 42 and the head 2 so that liquid is
supplied from the reservoir 42 to the head 2 via the hollow
needle 153), based on the output values Vh and V1 read from
the memory 141 in S3 and on the signal received in S8 (S9).
In the present embodiment, determination in S9 is performed
as described below.

That is, as shown in FIG. 14A, the controller 100 deter-
mines that the valve 60 is in the open position (S9: YES) if the
output value V from the Hall element 71 received in S8 is
lower than or equal to a threshold value Vt (V=V1) calculated
based on the output values Vh and Vlread in S3 (for example,
Vt=(Vh+V1)/2), and determines that the valve 60 is in the
closed position (S9: NO) if the output value V from the Hall
element 71 exceeds the threshold value Vt (Vt<V).

As shown in FIG. 14B, the Hall element 71 of the present
embodiment generates a potential higher than the ground
potential (V=Vmin>0) when the Hall element 71 is disposed
in a magnetic field of magnitude O.

If a predetermined period elapses while the valve 60 of
each of the units 40B and 40P is not disposed in the open
position (S10: YES), the controller 100 reports an error (S5)
and stops operations of each section of the printer 1 (S6).

In this case, it is presumed that the Hall element 71 of the
black ink unit 40B is damaged by short circuit between the
terminal 170¢ and the terminal 174¢, that the Hall element 71
of the pre-coat liquid unit 40P is damaged by short circuit
between the terminal 171¢ and the terminal 174c¢, that a
failure occurs with communication function of the controller
100 by short circuit between the terminal 173¢ and the termi-
nal 174c, or that a failure occurs with the plug 50, the valve 60,
the hollow needle 153 and the moving mechanism 155 of the
printer 1, etc.

If'the controller 100 determines that the valve 60 of each of
the units 40B and 40P is disposed in the open position (S9:



US 9,144,989 B2

13

YES), the controller 100 writes, in the memory 141, data
indicative of a value obtained by adding one to the number of
insertion of hollow needle read in S3 (S11). Subsequent to
S11, the controller 100 determines whether a print command
from an external device has been received (S12).

If a print command is received (S12: YES), the controller
100 controls driving of a paper supplying motor 125, a con-
veying motor 127, the feed motor 128, the head 2, and the like
to perform recording for each page of paper P (S13). Subse-
quent to S13, the controller 100 calculates the used amount of
liquid for each page of paper P (that is, the amount of each
liquid of black ink and pre-coat liquid ejected for one page of
the paper P that is recorded this time) (S14).

Subsequent to S14, the controller 100 writes, in the
memory 141, data indicative of the used amount of each
liquid (the amount ofliquid in each reservoir 42 that has been
used since the cartridge 40 is a brand-new cartridge, that is, a
value obtained by adding the used amount of liquid for each
page calculated in S14 to the used amount of liquid read in S3)
and the number of recorded sheets (the number of sheets of
paper P on which recording has been performed with the
cartridge 40 since the cartridge 40 is a brand-new cartridge,
that is, a value obtained by adding one to the number of
recorded sheets read in S3) (S15).

Subsequent to S15, the controller 100 determines whether
writing in S15 is abnormal (S16). If writing is not performed
normally in S15, the controller 100 determines that writing in
S15 is abnormal (S16: YES), reports an error (S5), and stops
operations of each section of the printer 1 (S6).

If writing is abnormal, it is presumed that the memory 141
is damaged by short circuit between the terminal 172¢ and the
terminal 174c¢, or that a failure occurs with communication
function of the controller 100 by short circuit between the
terminal 173¢ and the terminal 174c.

If writing is performed normally in S15, the controller 100
determines that writing is not abnormal (S16: NO), and deter-
mines whether there are recording data for the next page,
based on image data included in the print command received
in S12 (S17).

If'there are recording data for the next page (S17: YES), the
controller 100 returns to S13 and repeats the above-described
series of steps S13 through S16. On the other hand, ifthere are
no recording data for the next page (S17: NO), the controller
100 returns to S12 and waits until a print command is received
again.

Note that the printer 1 includes a lock mechanism (not
shown) for locking the cartridge 40. If the controller 100
determines that the cartridge 40 is mounted at the predeter-
mined position in the space C (S1: YES), the controller 100
drives the lock mechanism concurrently with the process in
S2, for example, to lock the cartridge 40 together with the tray
35 at the predetermined position.

In order to dismount the cartridge 40 from the printer 1, the
user of the printer 1 presses a lock release button. If the
controller 100 detects pressing of the lock release button, the
controller 100 first controls the moving mechanism 155 (see
FIG. 9A) to move the support body 154 in the direction
opposite from the filled arrow in FIG. 8C so that the support
body 154 returns from the position of FIG. 8C to the position
of FIG. 8B. At this time, in each of the units 40B and 40P, as
the hollow needle 153 moves in the leftward direction in FIG.
5B, urging force of the coil spring 63 causes the valve 60 to
move in the leftward direction in FIG. 5B to make contact
with the valve seat 43z. With this operation, the position of the
valve 60 shifts from the open position to the closed position.
The controller 100 determines that the valve 60 is in the
closed position when the output value from the Hall element
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71 exceeds the threshold value Vt in each of the units 40B and
40P and, based on that time (dismount time) and mount time
stored in S2, calculates the cumulative usage period (a time
period from the mount time until the dismount time). The
controller 100 writes, in the memory 141, data indicative of a
value obtained by adding the cumulative usage period read in
S3 to the calculated cumulative usage period (that is, the value
is the cumulative usage period during which the cartridge 40
is mounted on the printer 1 since the cartridge 40 is a brand-
new cartridge). Subsequently, the hollow needle 153 is pulled
out of the plug 50. At this time, a hole formed in the plug 50
by the hollow needle 153 becomes small to an extent that
liquid leakage is suppressed, due to elasticity of a portion of
the plug 50 around the hole.

Subsequently, the controller 100 drives the lock mecha-
nism to unlock the cartridge 40. With this operation, the user
can pull the tray 35 out of the space C. When the tray 35 is
pulled out of the space C, the board 142 separates from the
board 182. Thus, electrical connections between the termi-
nals 170c¢ through 177¢ and the terminals 170p through 177p
are disconnected, which stops power supply to the Hall ele-
ments 71 and the memory 141 and which prevents the con-
troller 100 from performing transmission and reception of
signals with the Hall elements 71 and the memory 141.

The controller 100 displays a value obtained by subtracting
the used amount of liquid written in the memory 141 in S15
from the liquid amount read in S3, as the remaining amount of
each liquid, on the display of the printer 1.

As shown in FIG. 10, the controller 100 serves as a com-
munication section that communicates with the cartridge 40
mounted in the space C, and also serves as each functioning
section corresponding to processes in FIG. 11. A mount
detecting section M1 corresponds to S1, a reading section M2
corresponds to S3, an abnormal-reading determining section
M3 corresponds to S4, a reporting section M4 corresponds to
S5, a recording prohibiting section M5 corresponds to S6, a
moving section M6 corresponds to S7, a receiving section M7
corresponds to S8, an abnormal-reception determining sec-
tion M8 corresponds to S9 and S10, a writing section M9
corresponds to S11 and S15, an abnormal-writing determin-
ing section M10 corresponds to S16, a recording controlling
section M11 corresponds to S13, and a position determining
section M12 corresponds to S9.

As described above, according to the first embodiment, in
order to determine whether the cartridge 40 is mounted at the
predetermined position in the space C (S1 in FIG. 11), reli-
ability in mounting determination can be secured while uti-
lizing the Hall element 71 that is provided for a different
purpose from the mounting determination (a purpose of
determining the position of the valve 60 in the present
embodiment). That is, it is determined whether the cartridge
40 is mounted at the predetermined position in the apparatus
main body, by utilizing the sensor (the Hall element 71 in the
present embodiment) configured to generate a potential based
on a position of the movable member that is movable in the
supply channel 43a (the valve main body 62 in the present
embodiment). Hence, a cost increase of the cartridge 40 can
be suppressed. Further, even if the sensor generates a poten-
tial that is not generated at normal times, due to movement
malfunction of the movable member, no erroneous determi-
nation is made, thereby improving reliability in determina-
tion.

Specifically, for example, in a configuration where the
output value from the Hall element 71 changes as shown in
FIG. 15A (comparative example), when the cartridge 40 is
mounted at the predetermined position in the space C, there
are a case where the output value from the Hall element 71 is
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higher than the ground potential (mainly, a closed state of the
valve) and a case where the output value from the Hall ele-
ment 71 is the same as the ground potential (mainly, an open
state of the valve). When the cartridge 40 is not mounted at the
predetermined position in the space C, the output value from
the Hall element 71 (actually, the potential inputted to the
controller 100) is the same as the ground potential (see FIG.
9B). That is, potentials that can be generated by the Hall
element 71 when the cartridge 40 is mounted at the predeter-
mined position in the space C include a potential that is
inputted to the controller 100 when the cartridge 40 is not
mounted at the predetermined position in the space C.

Note that, in a state where the cartridge 40 is not mounted
at the predetermined position in the space C, the printer 1 and
the cartridge 40 are not electrically connected with each other,
and thus the output value from the Hall element 71 is not
inputted to the controller 100. In FIGS. 14A, 15A, and 17, it
is labeled “Output from Hall element of cartridge” for con-
venience, even in a state where the cartridge is not mounted.

In this configuration, if the cartridge 40 is mounted in the
space C while the valve 60 remains at the open position (for
example, in a case where a once-mounted cartridge 40 is
mounted again, a failure occurs, such as that the valve 60 is
stuck in the supply channel 43a when returning from the open
position to the closed position, and the failure remains unre-
solved), the Hall element 71 outputs a potential that is the
same as the ground potential. The ground potential is a poten-
tial that is inputted to the controller 100 when the cartridge 40
is not mounted at the predetermined position in the space C.
Hence, in this case, although the cartridge 40 is mounted at
the predetermined position in the space C, the controller 100
determines that the cartridge is not mounted.

On the other hand, in the present embodiment, as shown in
FIG. 14 A, the output value from the Hall element 71 is always
higher than the ground potential when the cartridge 40 is
mounted at the predetermined position in the space C, and the
potential inputted to the controller 100 is the same as the
ground potential when the cartridge 40 is not mounted at the
predetermined position in the space C. That is, the potentials
that can be generated by the Hall element 71 when the car-
tridge 40 is mounted at the predetermined position in the
space C do not include the potential that is inputted to the
controller 100 when the cartridge 40 is not mounted at the
predetermined position in the space C. In other words, the
potential that can be generated by the Hall element 71 when
the cartridge 40 is mounted at the predetermined position in
the space C is distinguishable from the potential that is input-
ted to the controller 100 when the cartridge 40 is not mounted
at the predetermined position in the space C.

In the present embodiment, even if the cartridge 40 is
mounted in the space C while the valve 60 remains at the open
position, the Hall element 71 does not output a potential that
is the same as the ground potential (the potential that is
inputted to the controller 100 when the cartridge 40 is not
mounted at the predetermined position in the space C).
Accordingly, the controller 100 does not determine that the
cartridge 40 is not mounted at the predetermined position in
the space C despite a fact that the cartridge 40 is mounted at
the predetermined position in the space C. That is, the above-
described error in mounting determination can be suppressed,
and reliability in mounting determination can be secured.

As in the comparative example shown in FIG. 15B, in a
case where such a Hall element is adopted that, when dis-
posed in a magnetic field of magnitude 0, generates a poten-
tial that is the same as a ground potential, in order to satisfy a
condition that “the output value from the Hall element is
higher than the ground potential regardless of the position of
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the valve 60, a moving range of the valve 60 needs to be set
such that the moving range does not include a position at
which a magnetic field becomes magnitude 0.

On the other hand, in the present embodiment, as shown in
FIG. 14B, such a Hall element 71 is adopted that, when
disposed in a magnetic field of magnitude O, generates a
potential that is higher than a ground potential (V=Vmin>0).
Hence, without making a special arrangement as described
above, the condition is satisfied that “the output value from
the Hall element 71 is higher than the ground potential regard-
less of the position of the valve 60”. That is, the degree of
freedom of design improves.

There are cases that the power-source potential input ter-
minal 174p and the sensor-signal receiving terminal 170p,
171p are short-circuited, and that the controller 100 receives
a power-source potential from the sensor-signal receiving
terminal 170p, 171p. The controller 100 recognizes the
potential received from the sensor-signal receiving terminal
170p, 171p as the potential outputted from the sensor-signal
output terminal 170¢, 171¢ (that is, the potential generated by
the Hall element 71).

For example, in a configuration where the output value
from the Hall element 71 changes as shown in FIG. 15A, ifa
power-source potential is received from the sensor-signal
receiving terminal 170p, 171p due to the above-described
short-circuit, the controller 100 determines that the cartridge
40 is mounted at the predetermined position in the space C
although the cartridge 40 is not mounted. This is because the
power-source potential (Vmax) is a potential that can be
generated by the Hall element 71 when the cartridge 40 is
mounted at the predetermined position in the space C.

On the other hand, in the present embodiment, as shown in
FIG. 14A, when the cartridge 40 is mounted at the predeter-
mined position in the space C, the output value from the Hall
element 71 is always lower than the power-source potential
(Vmax). The controller 100 determines that the cartridge 40 is
mounted at the predetermined position in the space C if the
output value V from the Hall element 71 is higher than or
equal to Vmin and lower than Vmax (Vmin=V<Vmax).
Hence, if the power-source potential is received from the
sensor-signal receiving terminal 170p, 171p due to the above-
described short-circuit, the controller 100 does not determine
that the cartridge 40 is mounted at the predetermined position
in the space C despite a fact that the cartridge 40 is not
mounted at the predetermined position in the space C. This is
because the power-source potential (Vmax) is a potential
outside a range in which it is determined that the cartridge 40
is mounted at the predetermined position in the space C. That
is, the above-described error in mounting determination can
be suppressed, and reliability in mounting determination can
be secured more reliably.

The power-source terminal 174c¢, the ground terminals
175¢ through 177¢, and the sensor-signal output terminals
170¢ and 171¢ are arranged on the same plane. With this
arrangement, electrical connection between the power-source
terminal 174¢ and the power-source potential input terminal
174p, electrical connection between the ground terminals
175¢ through 177¢ and the ground-potential input terminals
175p through 177p, and electrical connection between the
sensor-signal output terminals 170¢, 171¢ and the sensor-
signal receiving terminals 170p, 171p can be performed sub-
stantially at the same time. Thus, reliability in mounting
determination can be secured even more reliably.

Next, second through fourth embodiments of the invention
will be described while referring to FIGS. 16A through 19B,
wherein like parts and components are designated by the
same reference numerals to avoid duplicating descriptions.
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First, the second embodiment of the invention will be
described while referring to FIGS. 16A, 16B, and 17. The
second embodiment has substantially the same configuration
as the first embodiment, except the positions of the Hall
element 71 and the magnet 72 and the process S9 in FIG. 11.

As can be seen from comparison between FIGS. 16A, 16B
and FIGS. 5A, 5B, the Hall element 71 and the magnet 72 in
the second embodiment are located at positions further
spaced away from the plug 50 in the sub-scanning directionY,
than in the first embodiment.

As shown in FIG. 16A, when the valve 60 is at the closed
position, the Hall element 71 and the magnet 72 do not con-
front the valve main body 62 in the vertical direction Z. That
is, the valve main body 62 is located at a position not between
the Hall element 71 and the magnet 72. At this time, the
magnetic field detected by the Hall element 71 is weak, and
the Hall element 71 generates a low potential.

When the valve 60 moves from the closed position shown
in FIG. 16 A to the open position shown in FIG. 16B, the valve
main body 62 moves to a position confronting the Hall ele-
ment 71 and the magnet 72 in the vertical direction Z (that is,
a position between the Hall element 71 and the magnet 72).
With this movement, the magnetic field generated by the
magnet 72 reaches the Hall element 71 efficiently via the
valve main body 62. Accordingly, the magnetic field detected
by the Hall element 71 becomes stronger, and the potential
generated by the Hall element 71 becomes higher.

FIG. 17 shows changes of the output value from the Hall
element 71 of the cartridge 40 of the second embodiment in a
process in which the cartridge 40 is mounted onto the printer
1. In FIG. 17, the horizontal axis indicates time, and the
vertical axis indicates the output value from the Hall element
71. Time 0 is a time point at which the cartridge 40 is mounted
at the predetermined position in the space C.

Before the cartridge 40 is mounted at the predetermined
position in the space C (when the cartridge is not mounted at
the predetermined position in the space C), the output value
from the Hall element 71 is kept at a ground potential (0V)
(see the “Cartridge not mounted” range shown in FIG. 17).
The output value from the Hall element 71 increases from the
ground potential to VI when the cartridge 40 is mounted at the
predetermined position in the space C and electrical connec-
tions between the terminals 170c¢ through 177¢ and terminals
170p through 177p are achieved. After that, the output value
from the Hall element 71 increases gradually from V1to Vhin
a process in which the valve 60 moves from the closed posi-
tion to the open position. While the cartridge 40 is mounted at
the predetermined position in the space C, the output value V
from the Hall element 71 is higher than the ground potential
and lower than the power-source potential (Vmax)
(0<Vmin<Vl=V=Vh<Vmax) regardless of the position of the
valve 60 (see the “Cartridge mounted” range shown in FIG.
17).

If the output value V from the Hall element 71 is higher
than or equal to Vmin and lower than Vmax
(Vmin=V<Vmax), the controller 100 determines that the car-
tridge 40 is mounted at the predetermined position in the
space C (S1: YES). If the output value V from the Hall
element 71 is lower than Vmin (V<Vmin), the controller 100
determines that the cartridge 40 is not mounted at the prede-
termined position in the space C (S1: NO).

In S9 of FIG. 11, if the output value from the Hall element
71 is lower than or equal to the threshold value Vt, the con-
troller 100 determines that the valve 60 is at the closed posi-
tion (S9: NO). If the output value from the Hall element 71
exceeds the threshold value Vt, the controller 100 determines
that the valve 60 is at the open position (S9: YES).
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Next, the third embodiment of the invention will be
described while referring to FIGS. 18A and 18B. The third
embodiment has substantially the same configuration as the
first embodiment, except that the magnet 72 is omitted and
that the valve main body 62 of the valve 60 is made of a
magnet that generates a magnetic field, not a magnetic body.

In the third embodiment, when the valve 60 is at the closed
position as shown in FIG. 18A, the valve main body 62 (a
magnetic-field generating member and a movable member) is
directly below the Hall element 71, and the magnetic field
generated by the valve main body 62 reaches the Hall element
71. In other words, the Hall element 71 is disposed in the
magnetic field formed by the valve main body 62 (a magnetic-
field forming section). In this state, the magnetic field
detected by the Hall element 71 is strong, and the Hall ele-
ment 71 generates a high potential.

When the valve 60 moves from the closed position shown
in FIG. 18A to the open position shown in FIG. 18B, as the
valve main body 62 separates from the Hall element 71, the
magnetic field detected by the Hall element 71 becomes
weaker and the potential generated by the Hall element 71
becomes lower.

The changes in the output value from the Hall element 71
in the third embodiment are similar to those in the first
embodiment (FIGS. 14A and 14B). In the present embodi-
ment, because the valve main body 62 serves as the magnetic-
field generating member and the movable member, reliability
in mounting determination can be improved with a simple
configuration.

Next, the fourth embodiment of the invention will be
described while referring to FIGS. 19A and 19B. The fourth
embodiment has substantially the same configuration as the
first embodiment, except that the valve 60 is omitted, that the
hollow needle 153 is made of a magnetic body, and that the
process S9 in FIG. 11 is different.

As shown in FIG. 19A, when the hollow needle 153 is not
inserted in the supply channel 434, the magnet 72 (the mag-
netic-field generating member) does not confront the hollow
needle 153 (the movable member) in the vertical direction Z.
That is, the hollow needle 153 is located at a position not
between the Hall element 71 and the magnet 72. At this time,
the magnetic field detected by the Hall element 71 is weak,
and the Hall element 71 generates a low potential.

As shown in FIG. 19B, when the hollow needle 153 pen-
etrates the plug 50 and is inserted into the supply channel 43a,
the hollow needle 153 is disposed at a position confronting
the Hall element 71 and the magnet 72 in the vertical direction
Z (that is, a position between the Hall element 71 and the
magnet 72). With this movement, the magnetic field gener-
ated by the magnet 72 reaches the Hall element 71 efficiently
via the hollow needle 153. At this time, the Hall element 71 is
disposed in the magnetic field formed by the magnet 72 and
the hollow needle 153 (cooperate to serve as the magnetic-
field forming section). Accordingly, the magnetic field
detected by the Hall element 71 becomes stronger, and the
potential generated by the Hall element 71 becomes higher.

The changes in the output value from the Hall element 71
in the fourth embodiment are similar to those in the second
embodiment (FIG. 17).

In S9 of FIG. 11, the controller 100 determines whether the
hollow needle 153 is inserted in the supply channel 43a, not
whether the valve 60 is located at the open position. Similar to
the second embodiment, if the output value from the Hall
element 71 is lower than or equal to the threshold value Vi, the
controller 100 determines that the hollow needle 153 is not
inserted in the supply channel 43a (S9: NO). If the output
value from the Hall element 71 exceeds the threshold value



US 9,144,989 B2

19
Vt, the controller 100 determines that the hollow needle 153
is inserted in the supply channel 434 (S9: YES). Accordingly,
in the fourth embodiment, “Valve closed” and “Valve open”
in FIG. 17 should be read as “Hollow needle not inserted” and
“Hollow needle inserted”, respectively.

Further, in the fourth embodiment, the position determin-
ing section M12 determines the position of the hollow needle
153, based on the output value from the Hall element 71.

According to the fourth embodiment, the valve is not pro-
vided at the cartridge, and insertion of the hollow needle 153
can be detected with a simple configuration of the magnet 72
and the Hall element 71. Further, the open position and the
closed position can be switched with a simple configuration
of linear movement (insertion and removal) of the hollow
needle 153.

With the above-described second through fourth embodi-
ments, effects similar to those of the first embodiment (the
effect that reliability in mounting determination can be
secured while suppressing a cost increase of the cartridge, and
the like) can be obtained.

Next, the fifth embodiment of the invention will be
described while referring to FIGS. 20 through 22A and 22B.
Inthe cartridge 40 of the present embodiment, a photo sensor
(optical sensor) is used instead of a magnetic sensor.

As shown in FIGS. 20 and 21, the cartridge 40 has a
housing 41 of substantially a rectangular parallelepiped
shape, an ink pouch (ink accommodating section) 42 dis-
posed in the housing 41 and filled with ink therein, an ink
leading pipe 43 in fluid communication with the ink pouch 42
atone end thereof, a first valve 50, and a second valve 60 (see
FIGS. 22A and 22B).

As shown in FIG. 21, the housing 41 is defined such that
two chambers 41a and 415 are formed therein. The ink pouch
42 is disposed in the chamber 41q at the right side. On the
other hand, the ink leading pipe 43 is disposed in the chamber
41b at the other side.

As shown in FIGS. 21, 22A, and 22B, the ink leading pipe
43 has a pipe 44 connected with a connection section 42a
provided at the ink pouch 42, and a pipe 45 fitted to one side
(the left side) of the pipe 44. The ink leading pipe 43 is formed
with an ink channel 43a extending in the main scanning
direction and being in fluid communication with the ink
pouch 42. The both pipes 44 and 45 of the present embodi-
ment are made of transparent resin. Because the pipe 45 is
made of transparent resin, a photo sensor 66 described later is
capable of detecting a valve member 62.

As shown in FIGS. 22A and 22B, an annular flange 47 is
formed at one end of the pipe 44. As shown in FIGS. 21, 22A,
and 22B, an annular protrusion 48 having an O-ring 48a is
formed at the flange 47. Thus, as shown in FIG. 21, the O-ring
48a seals between the housing 41 and the annular protrusion
48. Note that the flange 47 is a part of the wall of the chamber
41b, and constitutes a part of the housing 41.

As shown in FIG. 20, a contact 91 is formed on the outer
surface of the flange 47. The contact 91 is disposed to be
juxtaposed to an ink discharge port 46a described later in the
sub-scanning direction. The contact 91 is electrically con-
nected with the photo sensor 66 described later.

A power input section 92 is provided at the side surface of
the housing 41 at the ink discharge port 464 side. A stepped
surface 41c is provided between the ink discharge port 46a
and the power input section 92 of the housing 41, the stepped
surface 41¢ being concaved from the flange 47 toward the ink
pouch 42 in the main scanning direction. The power input
section 92 is disposed on the stepped surface 41¢. The power
input section 92 is electrically connected with the photo sen-
sor 66. The power input section 92 supplies the photo sensor
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66 with electric power by being electrically connected with a
power output section (not shown) of the printer main body.

As shown in FIGS. 22A and 22B, the first valve 50 is
disposed in the pipe 45 of the ink leading pipe 43. The first
valve 50 has a sealing body (elastic body) 51 that seals an
opening (outlet of ink) formed at one end (the left end) of the
pipe 45, a spherical body 52, and a coil spring 53. A lid 46 is
provided at one end of the pipe 45, so that the sealing body 51
does not come off from the pipe 45. An ink discharge port 46a
is formed in the 1id 46.

One end of the coil spring 53 is in contact with the spherical
body 52, and the other end of the coil spring 53 is in contact
with a stepped portion 45a formed at the other end of the pipe
45, and the coil spring 53 constantly urges the spherical body
52 toward the sealing body 51. In the present embodiment, the
coil spring 53 is adopted as an urging member. However, an
urging member other than the coil spring may be adopted as
long as the spherical body 52 can be urged toward the sealing
body 51.

The sealing body 51 is made of elastic material such as
rubber. Further, the sealing body 51 is formed with a slit
(penetrating hole) 51a, an annular protrusion 515, and a
curved portion 51c¢. The slit (penetrating hole) 51a penetrates
the center of the sealing body 51 in the main scanning direc-
tion. The annular protrusion 515 can be fitted to one end of the
pipe 45. The curved portion 51c¢ is a surface confronting the
spherical body 52 and formed along the outer circumferential
surface of the spherical body 52 in a part surrounded by the
annular protrusion 515. The diameter of the slit 51a is smaller
than a hollow needle 153 described later. Hence, when the
hollow needle 153 is inserted in the slit 51a, the sealing body
51 elastically deforms such that the inner circumferential
surface of the slit 51a makes close contact with the outer
circumferential surface of the hollow needle 153, so ink does
not leak from between the slit 51a and the hollow needle 153.

The inner diameter of the annular protrusion 515 is slightly
smaller than the diameter of the spherical body 52, and the slit
51a is sealed due to contact with the spherical body 52. Note
that the slit 51a is also sealed due to contact between the
curved portion 51¢ and the spherical body 52.

In this configuration, as shown in FIG. 22B, when the
hollow needle 153 is inserted into the slit 514 through the ink
discharge port 464, the distal end of the hollow needle 153
abuts the spherical body 52, and the spherical body 52 moves
to separate from the curved portion 51¢ and the annular pro-
trusion 515b. At this time, the first valve 50 changes from the
closed state to the open state. When the first valve 50 is in the
open state, because the hole 1535 of the hollow needle 153
has passed the slit 51a, the hollow needle 153 is communi-
cated with the ink channel 43a. On the other hand, as the
hollow needle 153 moves in a direction of pulling out of the
slit 51a, the spherical body 52 moves in a direction of
approaching the annular protrusion 515 due to urging of the
coil spring 53. Then, when the spherical body 52 makes
contact with the annular protrusion 515, the first valve 50
changes from the open state to the closed state. Further, as the
hollow needle 153 moves in the direction of pulling out, the
spherical body 52 makes close contact with the curved por-
tion 51c. In this way, the first valve 50 takes one of the open
state for allowing fluid communication of the ink leading pipe
43, and the closed state for blocking fluid communication of
the ink leading pipe 43, depending on insertion and removal
of the hollow needle 153.

As shown in FIGS. 22A and 22B, the second valve 60 has
avalve seat 61, a valve member 62, and a coil spring 63. The
valve seat 61 is made of elastic material such as rubber, and is
disposed such that its flange 61a is interposed between an
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annular protrusion 44a and a stepped portion 454, the annular
protrusion 44a protruding from the inner circumferential sur-
face around the center of the pipe 44. In the center of the valve
seat 61, a hole (opening) 615 is formed to penetrate in the
main scanning direction, and the pipe 44 can be communi-
cated with the pipe 45.

One end of the coil spring 63 is in contact with the valve
member 62, and the other end of the coil spring 63 is in
contact with a connection section 42a, and the coil spring 63
constantly urges the valve member 62 toward the valve seat
61. In other words, the coil spring 63 urges the valve member
62 in a direction toward the sealing body 51, and the valve
member 62 makes contact with the right end portion of the
valve seat 61 (opening edge ofthe hole 615), thereby blocking
fluid communication of the ink channel 434. That is, fluid
communication between the pipe 44 and the pipe 45 is
blocked, and the second valve 60 becomes the closed state. At
this time, the right end portion of the valve seat 61 is elasti-
cally deformed due to the urging force of the coil spring 63.
Further, the coil spring 63 urges the valve member 62 toward
the sealing body 51, and the elements constituting the first and
second valves 50 and 60 are aligned on a straight line along
the main scanning direction. Hence, the first and second
valves 50 and 60 can be opened and closed by insertion/
removal of the hollow needle 153 described later into/from
the sealing body 51. In addition, the second valve 60 can be
constituted from a simple configuration, so that failures of the
second valve 60 can be reduced.

The valve member 62 has a cylindrical shape, and is slid-
able on the inner circumferential surface of the pipe 44. Fur-
ther, the end surface of the valve member 62 at the connection
section 42q side has a convex shape that its center protrudes in
the main scanning direction. And, by fitting the coil spring 63
to this protruding portion of the valve member 62, the coil
spring 63 is fixed to the valve member 62.

A pushing member 70 is disposed in the ink leading pipe
43. When the hollow pipe 153 is inserted, the pushing mem-
ber 70 pushes and moves the valve member 62 in a direction
opposite the urging direction of the coil spring 63. The push-
ing member 70 is a cylindrical bar-shaped member extending
in the main scanning direction, and is formed integrally at the
end portion of the valve member 62 at the valve seat 61 side.
In other words, the valve member 62 and the pushing member
70 constitute a movable member. The pushing member 70 has
a diameter smaller than the diameter of the hole 615, and is
disposed to extend through the hole 615. The pushing mem-
ber 70 has such a length that, in a state where the valve
member 62 is in contact with the valve seat 61 (the second
valve 60 is in the closed state), a gap is formed between the
distal end of the pushing member 70 and the spherical body
52 located at a position when the first valve 50 changes from
the open state to the closed state (when the spherical body 52
makes contact with the annular protrusion 515 from a state
separated from the sealing body 51).

In this configuration, as shown in FIG. 22B, after the hol-
low needle 153 is inserted and the first valve 50 becomes the
open state, the spherical body 52 makes contact with the distal
end of the pushing member 70. And, as the hollow needle 153
is further inserted, the pushing member 70 and the valve
member 62 move to separate the valve member 62 from the
valve seat 61. With this operation, the second valve 60
changes from the closed state to the open state. At this time,
because the pipes 44 and 45 of the ink channel 43a are
communicated with each other, ink in the ink pouch 42 flows
into the hollow needle 153. On the other hand, when the
hollow needle 153 is removed, in a similar manner to the first
valve 50, the valve member 62 and the pushing member 70
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move due to urging of the coil spring 63, and the valve
member 62 makes close contact with the valve seat 61. With
this operation, the second valve 60 changes from the open
state to the closed state. In this way, the second valve 60 also
takes one of the open state for allowing fluid communication
of the ink channel 43a of the ink leading pipe 43, and the
closed state for blocking the fluid communication, depending
on insertion and removal of the hollow needle 153.

The photo sensor 66 connected with the contact 91 is
provided in the chamber 415 of the housing 41. The photo
sensor 66 is a reflection-type optical sensor that is capable of
detecting an existence of an object in a non-contact state. The
photo sensor 66 is disposed at a position confronting the
downstream end of the valve member 62 when fluid commu-
nication of the ink channel 43« is blocked by the second valve
60 as shown in FIG. 22A, and at a position not confronting the
valve member 62 when fluid communication of the ink chan-
nel 43ais not blocked by the second valve 60 as shown in FI1G.
22B.

As the photo sensor 66, for example, a reflection-type
optical sensor having a light emitting portion and a light
receiving portion may be adopted. In this case, a mirror sur-
face capable of reflecting light is formed on at least part of the
valve member 62 (the movable member). In the present
embodiment, the light emitting portion and the mirror surface
of the valve member 62 serve as the optical-field forming
section.

When the photo sensor 66 confronts the valve member 62
(the closed state), light emitted from the light emitting portion
is reflected by the mirror surface of the valve member 62, and
this reflection light is received by the light receiving portion.
At this time, the photo sensor 66 outputs a high output value
indicating that the light receiving portion receives light (cor-
responding to Vh in FIGS. 14A and 14B).

On the other hand, when the photo sensor 66 does not
confront the valve member 62 (the open state), light emitted
from the light emitting portion is not reflected by the mirror
surface of the valve member 62, and the light receiving por-
tion does not receive light. At this time, the photo sensor 66
outputs a low output value indicating that the light receiving
portion does not receive light (corresponding to V1 in FIGS.
14A and 14B).

These output values are transmitted to the controller of the
printer via the contact 91. By receiving these signals, the
controller can detect the open state and the closed state of the
second valve 60 in a distinguishable manner.

Similar to the above-described embodiments, the control-
ler determines that the second valve 60 is at the open position
if the output value from the photo sensor 66 is lower than or
equal to the threshold value Vt (for example, Vti=(Vh+V1)/2)
(V=V1), and determines that the second valve 60 is at the
closed position if the output value from the photo sensor 66
exceeds the threshold value Vt (Vi<V).

Like the Hall element shown in FIG. 14B does, the photo
sensor 66 of the present embodiment generates a potential
higher than a ground potential (V=Vmin>0) when the photo
sensor 66 is disposed in an optical field of magnitude O (that
is, when the light receiving portion receives no light at all).

According to the above-described configuration, even if
the cartridge 40 is mounted at the predetermined position of
the printer while the second valve 60 is at the open position,
the photo sensor 66 does not output a potential that is the same
as the ground potential (a potential inputted to the controller
when the cartridge 40 is not mounted at the predetermined
position). Accordingly, the controller does not determine that
the cartridge 40 is not mounted at the predetermined position
despite a fact that the cartridge 40 is mounted at the predeter-
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mined position. Accordingly, in the present embodiment, too,
an error in mounting determination can be suppressed, and
reliability in mounting determination can be secured.

Note that the photo sensor 66 is not limited to the reflec-
tion-type optical sensor and, for example, a transmission-type
optical sensor may be used.

While the liquid cartridge and the liquid ejecting apparatus
of the invention have been described in detail with reference
to the above embodiments thereof, various changes and modi-
fications may be made therein without departing from the
scope of the claims.

For example, in the above-described first through fourth
embodiments, the movable member and the magnetic-field
forming section (the magnetic-field generating member, the
magnetic body) have configurations in respective patterns,
but may have configurations in different patterns. For
example, in the fourth embodiment, a pattern can be con-
ceived that the hollow needle 153 is made of the magnetic-
field generating member (magnet) and that the magnet 72 is
omitted.

<Terminals of Cartridge>

The terminals may be provided separately on a plurality of
boards. Further, the power-source terminal, the ground termi-
nal, and the output terminal need not be arranged on the same
plane.

The shapes of the terminals are not limited to rectangular
shapes but may be any shape such as circular shape, for
example. Further, distances between the terminals need not
be equal.

The surface on which the terminals are arranged need not
be the surface perpendicular to the mounting direction of the
cartridge to the mounting section, and may be a surface par-
allel to the mounting direction, for example.

The number of the sensor-signal output terminal(s) may be
changed in accordance with the number of the magnetic sen-
sor(s). Further, the number of the ground terminal(s) may be
an arbitrary number that is larger than or equal to one.

The power-source terminal may be electrically connected
only with the magnetic sensor, so as to input a power-source
potential only to the magnetic sensor. For example, the
power-source potential may be inputted to the memory 141
(storage section) via a data input terminal.

Further, the number of the power-source terminal(s) may
be an arbitrary number that is larger than or equal to one. For
example, an individual power-source terminal may be pro-
vided for each of a plurality of magnetic sensors.

The arrangement, the sizes of the terminals, and distances
between the terminals may be changed arbitrarily. For
example, in FIG. 7, the positions of the data input terminal
173¢ and the data output terminal 172¢ may be switched. The
positions of the sensor-signal output terminals 170c and 171¢
may be switched. The power-source terminal 174¢ may be
arranged at the right-lower end, the left-upper end, the left-
lower end, or the like, not the right-upper end, or may be
arranged at a position other than an end of a row. Further, the
number of row(s) in which terminals are arranged, the num-
ber of terminal(s) included in each row, and the like are also
arbitrary. Additionally, terminals may be arranged in a circu-
lar shape, or in a random shape, not in rows.

The storage section may be omitted, and the terminal for
the storage section may be omitted.

<Terminal of Apparatus Main Body>

The terminal of the apparatus main body may have the
same size as or a larger size than the terminal of the cartridge.

The number or arrangement of the terminal(s) of the appa-
ratus main body may partially correspond to the terminals of
the cartridge. For example, in a case where the terminals of
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the cartridge are arranged in two rows each including three
terminals, the terminals of the apparatus main body may be
arranged in two rows each including four terminals. In this
case, the terminals of the apparatus main body include termi-
nals that do not contact the terminals of the cartridge. Simi-
larly, the number or arrangement of the terminal(s) of the
cartridge may partially correspond to the terminals of the
apparatus main body. The terminals of the cartridge may
include terminals that do not contact the terminals of the
apparatus main body.

The terminals of the apparatus main body may be terminals
of a leaf-spring type (terminals urged by leaf springs in a
direction toward the terminals of the cartridge) or may be
other than a leaf-spring type. Further, the terminals of the
apparatus main body and the terminals ofthe cartridge may be
so designed that positions other than centers of the terminals
serve as contact portions.

The movable member that moves in the channel is not
limited to a valve that opens/closes the channel, and may be a
valve that adjusts a flow amount in the channel or other
arbitrary members.

<Magnetic Sensor>

The number of the magnetic sensor(s) provided at the
cartridge may be an arbitrary number that is larger than or
equal to one.

In the above-described embodiments, the magnetic sensor
(Hall element 71) is used that generates a potential higher
than a ground potential when disposed in a magnetic field of
magnitude 0. However, a magnetic sensor may be used that
generates a potential that is the same as the ground potential
when disposed in a magnetic field of magnitude 0.

In the above-described embodiments, the magnetic sensor
(Hall element 71) is used that generates a potential lower than
a power-source potential when the cartridge is mounted on
the mounting section. However, a magnetic sensor may be
used that generates a potential that is the same as the power-
source potential when the cartridge is mounted on the mount-
ing section.

The arrangement of the magnetic sensor and the magnetic-
field generating member may be changed appropriately. For
example, the magnetic sensor may be disposed at an arbitrary
and appropriate position in a magnetic field that is generated
by the magnetic-field generating member and the movable
member (the hollow member in the fourth embodiment).

<Other Configuration of Cartridge>

The ground potential is not limited to 0V, as long as it is
lower than the power-source potential.

In the above-described embodiments, the cartridge indi-
vidually stores two kinds of liquid (black ink and pre-coat
liquid). However, the cartridge may store only one kind of
liquid.

Data stored in the storage section are not limited to par-
ticular kinds of data. As data relating potential generated by
the magnetic sensor, the amount of liquid within the liquid
storing section, and the like, the storage section need not store
the potential and the amount of liquid within the liquid storing
section themselves. Instead, the storage section may store
data from which the potential and the amount of liquid can be
derived.

The storage section need not store sensor output values.
The sensor output values are data (Vh, V1) that serve as
criterion for judgment of the position of the movable member
(the valve main body 62 in the first through third embodi-
ments, the hollow needle 153 in the fourth embodiment). In
this case, for example, the sensor output values may be stored
in the ROM of the apparatus main body, and the position
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determining section may determine the position based on the
output values from the magnetic sensor and on data (Vh, V1)
read out from the ROM.

In addition, without departing from the scope of the claims,
the configurations (shapes, positions, etc.) of each part (the
housing 41, the reservoir 42, the supply pipe 43, the plug 50,
the valve 60, the sensor unit 70, the memory 141, the board
142, etc.) of the cartridge may be changed appropriately.
Further, other parts may be added, and some parts may be
omitted.

<Controls Performed by Apparatus Main Body>

Regarding determination by the mount determining sec-
tion, in the above-described embodiments, it is determined
that the cartridge is mounted on the mounting section when
the potential V is Vmin=V<Vmax (see FIGS. 14A, 14B, and
17). However, the range is not limited to the above range as
long as the potential is higher than a ground potential. For
example, it may be determined that the cartridge is not
mounted on the mounting section in the case of V=ground
potential, and it may be determined that the cartridge is
mounted on the mounting section in the case of V>ground
potential.

Regarding determination by the position determining sec-
tion, in the above-described embodiments, Vh and V1 are used
as the potentials serving as criterion for judgment of the
position of the movable member, but other values may be
used. For example, without using data unique to the cartridge
such as Vh and VI, the position may be determined by using
Vmax and Vmin stored in the ROM of the apparatus main
body, for example, based on the threshold value Vt=(Vmax+
Vmin)/2. The calculation method of the threshold value Vt is
also arbitrary. Further, the threshold value Vt itself, not Vh
and V1 etc., may be stored in the storage section of the car-
tridge or in the ROM of the apparatus main body.

The apparatus main body may stop an operation of each
section of the apparatus main body (an ejecting operation of
the head, etc.), without reporting an error.

Timing at which transmission and reception of signals are
allowed between the cartridge and the apparatus main body
and timing at which power supply is allowed from the appa-
ratus main body to the cartridge are not limited to those
described above. The timings can be changed arbitrarily.

Writing of data by the writing section and determination of
abnormality by the abnormal-writing determining section
may also be performed prior to reception of a print command
from an external device.

Timing at which each functioning section performs a func-
tion, such as timing at which the reading section reads data
stored in the storage section of the cartridge, timing at which
the writing section writes data in the storage section of the
cartridge, timing at which the receiving section receives a
signal from the magnetic sensor, timing at which the abnor-
mal-writing determining section determines abnormal writ-
ing, timing at which the abnormal-reception determining sec-
tion determines abnormal reception, timing at which the
moving section moves the hollow member, and the like may
be changed appropriately.

The hollow member may have a tip that is not acicular like
a needle.

Liquid stored in the liquid cartridge is not limited to ink and
pre-coat liquid. For example, the liquid may be post-coat
liquid that is ejected onto a recording medium subsequent to
recording in order to improve image quality, cleaning liquid
for cleaning the conveying belt, and the like.

The number of the cartridge(s) included in a liquid ejecting
apparatus may be an arbitrary number larger than or equal to
one.
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The number of the liquid ejecting head(s) included in a
liquid ejecting apparatus is not limited to two, but may be an
arbitrary number larger than or equal to one. For example, the
liquid ejecting apparatus may be a color inkjet printer includ-
ing heads that eject black ink and ink in three colors (magenta,
cyan, and yellow).

The liquid ejecting apparatus may be a line type or a serial
type. Further, the liquid ejecting apparatus is not limited to a
printer, but may be any liquid ejecting apparatus such as a
facsimile apparatus, a copier, and the like.

What is claimed is:

1. A liquid cartridge comprising:

a liquid storing section defining a liquid storing chamber
that stores liquid;

a channel section defining a channel in fluid communica-
tion with the liquid storing chamber;

a field forming section including a movable member that is
movable in the channel and configured to form a field
that changes depending on a position of the movable
member;

a power-source terminal configured such that a power-
source potential is inputted thereto;

a ground terminal configured such that a ground potential
is inputted thereto;

a sensor electrically connected with the power-source ter-
minal and the ground terminal, the sensor being config-
ured to generate a potential based on the position of the
movable member by being disposed in the field formed
by the field forming section; and

an output terminal electrically connected with the sensor
and configured to output the potential generated by the
sensor,

wherein the sensor is configured to generate a potential
higher than the ground potential regardless of the posi-
tion of the movable member.

2. The liquid cartridge according to claim 1, wherein the
field forming section comprises a magnetic-field forming
section configured to form a magnetic field that changes
depending on the position of the movable member; and

wherein the sensor comprises a magnetic sensor that is
disposed in the magnetic field formed by the magnetic-
field forming section.

3. The liquid cartridge according to claim 2, wherein the
magnetic-field forming section comprises a magnetic body
serving as the movable member, and a magnetic-field gener-
ating member that generates a magnetic field.

4. The liquid cartridge according to claim 2, wherein the
magnetic sensor is configured to generate a potential higher
than the ground potential when the magnetic sensor is dis-
posed in a magnetic field of magnitude of zero.

5. The liquid cartridge according to claim 2, wherein the
magnetic sensor is configured to generate a potential lower
than the power-source potential regardless of the position of
the movable member.

6. The liquid cartridge according to claim 2, wherein the
magnetic-field forming section comprises a magnetic-field
generating member that generates a magnetic field; and

wherein the magnetic-field generating member is config-
ured to serve as the movable member.

7. The liquid cartridge according to claim 2, wherein the
magnetic-field forming section comprises a magnetic-field
generating member that generates a magnetic field; and

wherein a hollow member comprising a magnetic body
inserted in the channel from outside is configured to
serve as the movable member.
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8. The liquid cartridge according to claim 1, wherein the
power-source terminal, the ground terminal, and the output
terminal are arranged on a same plane.

9. The liquid cartridge according to claim 1, wherein the
movable member comprises a valve body capable of selec-
tively taking an open position of opening the channel and a
closed position of closing the channel.

10. The liquid cartridge according to claim 9, further com-
prising a valve seat provided in the channel,

wherein the movable member is movable in a region closer

to the liquid storing section than the valve seat in the
channel, the movable member being capable of selec-
tively taking the closed position at which the movable
member makes contact with the valve seat by urging
force toward the valve seat and the open position at
which the movable member is spaced away from the
valve seat against the urging force.

11. The liquid cartridge according to claim 1, wherein the
movable member is linearly movable between an open posi-
tion of allowing fluid communication between inside and
outside of the liquid storing chamber and a closed position of
prohibiting fluid communication between the inside and the
outside of the liquid storing chamber.

12. The liquid cartridge according to claim 1, wherein the
field forming section comprises an optical-field forming sec-
tion configured to form an optical field that changes depend-
ing on the position of the movable member; and

wherein the sensor comprises an optical sensor configured

to generate a potential based on the position of the mov-
able member by being disposed in the optical field
formed by the optical-field forming section.
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